Although the evidence for the use of situational judgment tests (SJTs) in high-stakes testing has been generally promising, questions have been raised regarding the potential coachability of SJTs. This study reports the first examination of the effects of coaching on SJT scores in an operational high-stakes setting. We contrast findings from a simple comparison of SJT scores for coached and uncoached participants (posttest only) with three different approaches to deal with the effects of self-selection into coaching programs, namely using a pretest as a covariate and using two different forms of propensity score-based matching using a wide range of variables as covariates. Coaching effects were estimated at about 0.5 SDs. The implications for the use of SJTs in high-stakes settings and for coaching research in general are discussed.
Introduction
T here is long-standing research interest in the question of the amenability of various types of tests used for high-stakes decisions to score increase via coaching. Given the rise of a substantial test preparation industry, understanding the effects of coaching is also of considerable practical interest. Although there exists an extensive literature on coaching effects on tests in the cognitive domain (Hausknecht, Halpert, Di Paolo, & Moriarty Gerrard, 2007) , much less is known about effects for noncognitive tests such as situational judgment tests (SJTs).
In recent years, SJTs have gained substantial interest in both educational and employment domains. For instance, private, governmental, military, and police organizations in the United States and Canada employ SJTs for screening high volumes of candidates on noncognitive factors. In particular, the most frequently assessed domains by SJT items involve leadership and interpersonal skills (Christian, Edwards, & Bradley, 2010) . As another example, the European Personnel Selection Office has started including SJTs into its battery for many job positions. Parallel to these trends, SJTs are also used in high-stakes educational selection. For instance, interpersonal SJTs are used to certify general practitioners in the United Kingdom (Patterson, Ferguson, Norfolk, & Lane, 2005) and are employed in medical student admission in Belgium (Lievens, Buyse, & Sackett, 2005a) .
This growing popularity of SJTs in high-stakes employment and educational settings can be understood from the favorable research evidence: SJTs have emerged as cost-efficient measures to 'go beyond' cognitive ability (Lievens et al., 2005a; McDaniel, Hartman, Whetzel, & Grubb, 2007; Oswald, Schmitt, Kim, Ramsay, & Gillespie, 2004; Schmitt et al., 2009; Whetzel & McDaniel, 2009) . Moreover, SJTs are favorably perceived by applicants and lead to fewer subgroup differences, thereby increasing the diversity of the selected pool of candidates (Schmitt et al., 2009; Whetzel, McDaniel, & Nguyen, 2008) .
However, at the same time, the growing use of SJTs in large-scale selection has also given rise to a test preparation business that attempts to coach people on how to respond to SJTs most effectively. This test preparation ranges from SJT coaching books (e.g., Picard, 2007) to full-blown SJT coaching programs. In light of this growing trend, questions have been raised regarding the potential coachability of SJTs. For instance, Schmitt et al. (2009) noted: 'One significant issue concerning . . . SJT instruments remains to be addressed, and that is the degree to which scores might be inflated if they were actually used to make high-stakes decisions and test pre-paration courses became available.While difficult to conduct, an evaluation of these procedures in a high-stakes situation is clearly required ' (p. 1495) . Therefore, this paper addresses this key gap in the SJT and coaching literature by examining the size of coaching effects on an interpersonal SJT in an operational high-stakes setting.
Coaching proves a difficult area to study. In laboratory settings, one can readily assign examinees to coaching and noncoaching conditions; however, there are strong concerns about examinee motivation in such nonconsequential lab settings.The perplexing problem is how to study coaching in actual field settings where some are highly motivated to seek it and others are not. Thus, a methodological concern in the coaching literature is that it is difficult to make sense of the size of the coaching effects obtained in field settings. In operational settings, due to self-selection, there is no random assignment to treatment and control groups. Preexisting differences can thus result in nonequivalent groups. Conceptually, all available techniques for addressing the self-selection problem involve taking into account variables hypothesized as possible determinants of this self-selection, via methods such as analysis of covariance (ANCOVA) or matching treated and nontreated individuals on these hypothesized determinants of self-selection. There is no unassailable approach to solving this problem, as it will always be possible that the groups differ on some variable not anticipated by the researchers and thus not included in the analyses. With the goal of determining the size of coaching effects on an interpersonal SJT in an actual high-stakes setting, an important asset of this paper is that we compare findings using different analytic approaches to the problem of self-selection, including using a pretest as a covariate and matching participants on a wide array of variables.
Prior test coaching research
In a seminal paper, Messick and Jungeblut (1981) conceptualized different types of coaching interventions in terms of a continuum, ranging from test-related approaches (e.g., test familiarization, drill and practice with feedback, training in strategies for specific item formats and for general test taking) to intensive instruction (e.g., developing ability and knowledge, see also Hausknecht et al., 2007; Kulik, Bangert-Drowns, & Kulik, 1984; Sackett, Burris, & Ryan, 1989) . Test coaching firms will typically focus more heavily on the test-related approaches over skill/knowledge development because such approaches might yield more immediate effects. That is also the reason why in this study, test coaching is conceptualized as a formal intervention of a coaching firm to teach candidates test-related content and test-taking strategies (i.e., test familiarization, drill and practice with feedback, training in strategies for specific item formats and for general test taking). Anecdotally, a member of our research team attended two commercial coaching programs, and found the focus to be on test content and strategy, rather than on skill development.
In the past, the effects of coaching were primarily studied in relation to cognitively oriented tests in educational settings. As an overall conclusion, large-scale reviews and meta-analyses in educational settings (Bangert-Drowns, Kulik, & Kulik, 1983; DerSimonian & Laird, 1983; Kulik et al., 1984; Messick & Jungeblut, 1981; Slack & Porter, 1980) found that coaching produced small but practically meaningful increases in scores on cognitively oriented tests. For instance, the meta-analysis of Becker (1990) revealed that coaching interventions raised SAT-Verbal scores by 0.09 SDs and SAT-Math scores by 0.16 SDs. More recently, Hausknecht et al. (2007) conducted a meta-analysis and found that effects were larger when coaching was delivered between tests. While pretest and posttest scores differed by 0.64 SD in groups receiving coaching, that specific figure did not separate practice effects from coaching effects, differentiate between lab and field studies, or differentiate between studies retesting with the same versus alternate test forms. The estimate of coaching effects in operational settings using alternate forms with a coaching program of average length was 0.06 SDs, a value more consistent with prior research.
The need for research on coaching on SJTs
Despite the popularity of SJTs in both employment and educational high-stakes selection and the growing coaching business, the available research on coaching effects associated with SJTs is sparse. Only two laboratory studies of SJT coaching have been reported. Cullen, Sackett, and Lievens (2006) examined two SJTs. Strategies for raising scores on each test were generated, and undergraduates were trained in the use of these strategies using a video-based training program. Results indicated that one SJT was susceptible to coaching (d = 0.24), while the other was not. Ramsay et al. (2003) found that a brief 10-min coaching intervention explaining the dimensions on which the SJT would be scored produced a positive effect (d = 0.34). As noted previously, in these lab settings the lack of motivation of the student participants makes it difficult to generalize these findings to field contexts with operational coaching programs. Generally, we expect that SJTs might be amenable to score increase via coaching. This expectation builds upon the theory of knowledge determinants underlying SJT performance (Motowidlo & Beier, 2010; Motowidlo, Hooper, & Jackson, 2006) . According to Motowidlo et al., an SJT is a measure of procedural knowledge, which can be broken down in job-specific procedural knowledge and general/nonjob-specific procedural knowledge. Whereas the former type of knowledge is based on job-specific experience, the later accrues from experience in general situations. As SJTs used in admission exams do not rely on job-specific knowledge, only general procedural knowledge is relevant here. Motowidlo defined this general procedural knowledge as the knowledge a person has acquired about (in)effective courses of trait-related behavior in situations like those described in the SJT. Applied to this study's interpersonally oriented SJT, this general procedural knowledge relates to students' procedural knowledge about (in)effective behavior in interpersonal situations as depicted in the SJT items. Clearly, such procedural knowledge might be susceptible to learning from coaching interventions.
In sum, although coaching effects have a rich research tradition in the educational and employment area, prior studies have typically focused on cognitive ability tests. Alternative predictors such as interpersonal SJTs that have recently grown in popularity have received virtually no attention. Given (a) the interest in using interpersonal SJTs in high-stakes testing (Schmitt et al., 2009) , (b) the emerging coaching business related to SJTs, and (c) the anticipated potential SJT coaching effects, it is important to extend our knowledge of coaching effects in field settings from cognitive tests to noncognitive tests such as interpersonal SJTs.
Approaches for dealing with self-selection in test coaching research
In field settings, the coachability of tests has typically been examined using a quasi-experimental design because although some individuals receive the coaching intervention while others do not, individuals have not been randomly assigned to groups (treatment vs. control) as in a true experiment. In quasi-experimental coaching designs, there are extraneous factors (i.e., selfselection into coaching programs) that determine whether individuals receive the treatment. Prior research has revealed empirical evidence for such preexisting individual difference correlates in self-selection between control and coached groups. Ryan, Ployhart, Greguras, and Schmit (2006) found that self-selection was related to demographic variables (i.e., coaching program attendees were more likely to be female and Black) and trait-related variables (i.e., attendees tended to be lower in stress tolerance). To the extent that the assignment mechanism also correlates with the potential outcome, an interpretation of treatment-control differences in quasi-experiments is confounded (Rubin, 1974) . Over the years, several approaches have been proposed to this problem of preexisting differences (nonequivalent groups) in field settings. In a first approach, researchers may use an ANCOVA strategy, where one or more covariates are selected and the treatment effect is estimated after controlling for variance in the dependent variable associated with these covariates. Perhaps the most widely used covariate in applying this strategy is the use of a pretest. Note that even with a pretest, two threats to internal validity make the design weaker than a true experiment. First, as a pretest is not a perfectly veridical indicator of the latent construct, some preexisting differences between treatment and control group on the dependent variable may go unmeasured and therefore uncontrolled. Second, pretest posttest change comparisons do not control for potential interactions between treatment effects and aptitudes correlated with treatment assignment. For example, individuals choosing to attend a test coaching program might be more motivated in the course than would someone not otherwise attending. If course motivation is a component of coaching effectiveness, pre-/posttest change comparisons will overestimate the coaching treatment effect that would be observed in a true experimental design (where course motivation is expected to be equal in treatment and control groups). So, it is desirable to at least examine and potentially control for other covariates, even if a pretest is available.
As a second approach for resolving the problem of self-selection, researchers can select a subsample of individuals such that each individual in the treatment condition is paired with a very similar individual in the control condition, based on variables hypothesized as key determinants of self-selection. Thus, treatment effects are estimated among individuals who are comparable in some way. Unfortunately, such matching procedures become complicated as the number of variables on which subjects are matched increases. Recently, Harder, Stuart, and Anthony (2010) introduced a refined approach to matching, namely propensity scoring, to the psychological community. Propensity scoring was developed in biometrics to model the assignment mechanism operating in quasi-experiments (Rosenbaum & Rubin, 1983 . In propensity scoring, treatment assignment is predicted in a logistic regression by a selected set of covariates knowable prior to treatment assignment. For each individual in the sample, this logistic regression estimates the probability that he/she would have received the treatment, given his/her standing on the set of chosen covariates. These probabilities are called 'propensity scores.' By using propensity scores, treatment-control comparisons can be made among individuals with approximately equal probabilities of having received the treatment. For all treatment cases in the sample, a matched subset of control participants are selected for comparison based on the correspondence of their propensity score. Thus, propensity scoring is used to select statistically equated experimental and control subjects, thereby improving the internal validity of quasiexperimental designs.
Central to propensity scoring is the process through which covariates are selected to create the propensity score. First, when covariates relating to the treatment condition and outcome are omitted, propensity score matching will produce biased estimates of treatment effects (Austin, Grootendorst, Normand, & Anderson, 2007) . Second, all covariates must be 'knowable' prior to receiving the treatment (Rosenbaum & Rubin, 1983 . These constraints ensure that any association between the covariate and the treatment assignment is not an outcome of the treatment, as such a link would bias treatment estimates toward zero.
In this study, we examine coaching effects in the use of an interpersonal SJT in a high-stakes medical school admission context. In examining the effects of coaching on SJT scores, we contrast findings from a simple comparison of SJT scores for coached and uncoached participants (posttest only) to three different approaches to the self-selection issues, namely using a pretest as a covariate and using two different forms of propensity score-based matching using a wide range of variables as covariates.
Method

Sample and procedure
This study was situated in the context of admission to medical studies in Belgium. Each year, this admission exam lasts for a whole day and is centrally administered in a large hall in Brussels. Besides the SJT (which is the focus of this study), the admission exam consists of science knowledge tests, a cognitive ability test, and a silent reading protocol. A weighted composite of all these tests was computed and a cutoff score on this composite was determined to make admission decisions. Per year, candidates have two opportunities (July and August) to take the exam. Students who do not succeed in July and who choose to retest typically do so in August. In 2008 and 2009, 67 .9% of examinees failed the initial examination; of these, about 65% chose to retest.
All 6,773 students attending the admission exams in 2008 and 2009 received an e-mail with a link to a webbased questionnaire. This e-mail was sent to them approximately 5 months after the exam. Two reminder e-mails were sent.A total of 3,585 candidates returned a usable questionnaire (52.9% response rate). The demographic makeup of this group was: 33.7% male and 66.3% female; 82.4% Belgians and 17.6% foreigners; 99.3% White; mean age = 18 years and 7 months. As expected, given the high-stakes nature of the tests, all candidates mentioned that they had engaged in some kind of selfpreparation (see below) prior to testing. Yet the percentage of candidates who actually sought formal coaching (i.e., pursuing a commercial on-site or webbased coaching program) in the sample was 27.6%.
In light of the objectives of this study, we focused on a subsample of examinees who (a) failed the initial examination in July, (b) chose to retake in August, and (c) if they participated in coaching, they did so between the July and August examinations (rather than prior to the initial July examination). This ensures that precoaching and postcoaching scores are available for each examinee. The result is a sample of 894 individuals who met these criteria, 218 of whom participated in a coaching program.
We conducted analyses to compare this subsample to the testing population. In the testing population, 32.1% passed the admission exam; in this subsample of individuals retesting after initial failure, the passing rate was 28.4%. In addition, the subsample contained more Belgians (89.9%) and more females (70.2%) than the population (75.9% and 63%, respectively). As the subsample consisted only of test takers who took the test two times (as compared with the population wherein some participants attended for the third or fourth time), the range in age in the subsample is smaller than in the population. These differences should be taken into consideration when generalizing our results to the candidate population.
Measures
Propensity score covariates
We selected propensity score covariates from the broader questionnaire based on the variables being (a) knowable prior to treatment and (b) being theoretically relevant for predicting treatment assignment. Several factors likely determine the choice to seek coaching, and we selected covariates corresponding to these factors. The Appendix A presents the list of included covariates grouped according to the following theoretical assignment mechanisms. First, test takers may differ in the extent to which they have access to coaching based on family socioeconomic status (parents' education, parents' employment status, and financial burdens associated with higher education; Ceci & Papierno, 2005) and demographics (gender, age, and country of birth). Second, test takers likely differ in their medical career aspirations based on personal desires (anticipated career choice) and familial influences (having family members who are in the medical profession). Third, test takers may pursue coaching as compensation for poorer high school preparation (number of years of high school, main course in high school, and number of hours in specific subjects) or performance (high school rank). Fourth, failure on prior administrations of the admissions exam may motivate test-takers to seek coaching. Finally, even test takers with similar access and motivation for coaching may differ in the kind of self-preparation activities (related to SJTs but also to other admission tests) they engage in. On the basis of prior research (e.g., Becker, 1990; Powers & Rock, 1999) , interviews with students, and web searches, a list of 11 selfpreparatory activities was compiled. In particular, the activities included (a) attending information sessions at high school, (b) attending information sessions at medical universities, (c) attending information sessions outside high school or university, (d) informal tutoring by friends or relatives, (e) completing exercises related to tests at home, (f) asking friends and students for information about the tests, (g) reading books related to the tests, (h) reading descriptions of tests in official brochures/websites, (i) visiting other websites about the tests, (j) completing practice tests freely provided, and (k) engaging in web-based discussion fora about the tests.These self-preparatory activities (related to the SJT and other tests) were included as propensity score covariates. As this list of self-preparatory activities makes clear, there is no clear distinction between the types of activities involved in self-preparation and those making up formal commercial coaching. Learning about the type of content making up the test is clearly common to both, and both likely include suggested tips and testtaking strategies. The question is whether the tips and strategies contained in a formal commercial coaching program are incrementally effective over and above the widespread practice of engaging in self-preparatory activities.
Treatment
As we wanted to examine the effect of coaching, the treatment assignment condition of our investigation was whether or not an individual had paid for formal coaching provided by a test coaching firm. Such coaching was either conducted on-site (in a classroom, private coaching), via the web, or via a combination of both.
Students also indicated when they engaged in the coaching (prior to the July session or prior to the August session). As already noted, it was also crucial that participants had sought coaching only prior to the August session. Accordingly, there was a precoaching score available for these candidates (i.e., the score on the July exam). Candidates, who indicated that their coaching took place prior to the July exam, were excluded from our analyses because these candidates had logically no precoaching score.
SJT
The SJT dealt with two meta dimensions of interpersonal skills (i.e., relationship building and communicating information; Klein, DeRouin, & Salas, 2006) in a physician-patient interaction. As noted previously, interpersonal skills are among the most widely measured dimensions in SJTs. Prior research attested to the good predictive validity and relatively low cognitive loading of the SJT used (Lievens et al., 2005a; . A written SJT was developed that contained 30 items. All SJT questions were of the multiple-choice type, with four response alternatives. A knowledgebased response format ('What is the most effective response?') was used because faking is not an issue for this response format (Lievens, Buyse and Sackett, 2009; McDaniel et al., 2007) .The scoring key was developed via consensus among medical experts (a panel of experienced physicians and professors in general medicine). This scoring key indicated which response alternative was correct for each item (+1 point).
We obtained candidate scores on the SJT both precoaching (test scores in July) and postcoaching (test scores in August). Alternate SJT forms were used per administration. Prior research has shown adequate alternate-form reliability for the SJTs developed (Lievens & Sackett, 2007) . Moreover, note that possible differences in difficulty across SJT forms do not confound the assessment of coaching effects, as pre-post differences among coached candidates are compared with pre-post differences among uncoached candidates.
Analyses
Use of posttest only score
In posttest only designs, the coaching effect is represented by a standardized mean difference such as Cohen's d. Because population-level standard deviations are available, we present standardized differences (d) calculated as the difference between two raw means (i.e., scores of the coached group vs. scores of the uncoached group) divided by the standard deviation of the population (i.e., all attendants of the exam since it started).
Use of pretest score
In this analysis, coaching effects are computed as coached-uncoached d for the post-test minus the coached-uncoached d for the pretest. That is, the coaching effect equals (posttest coached -posttest control) -(pre-test coached -pretest control).
Use of propensity score 6.3.1. Propensity score covariates
The variables listed in Appendix A were used in creating the propensity score (i.e., predictors of treatment condition assignment). This set of covariates represents a substantially larger set of predictor variables than would typically be included in, for example, an ANCOVA approach. In ANCOVA, more emphasis is placed on parsimony than on inclusivity because including a large number of covariates increases the standard error of the treatment effect estimate. However, propensity scoring separates the procedure for balancing the sample on covariates from that of estimating the treatment effect. When the propensity score is first created to balance the sample, the emphasis is on matching subjects such that differences on potentially confounding covariates are minimized (rather than on producing accurate estimates of regression weights corresponding to population treatment assignment mechanisms). Because these regression weights for covariates are not of substantive interest, propensity scoring offers a mechanism for balancing on many covariates without sacrificing precision in estimating treatment effects. Thus, erring on the side of including too many covariates for creating the propensity score is generally preferred to excluding an important covariate.
In examining the dataset, some covariates to be used to create the propensity score had missing data. Such missing data present difficulties in creating the propensity score because predicted probabilities cannot be calculated for individuals with missing data on any covariate. D'Agostino and Rubin (2000) note that nonresponse may be a relevant variable itself in creating the propensity score and recommend including indicators of missingness in creating the propensity scores. Therefore, we followed a two-step process for dealing with such missing data. First, nonresponse indicators were created for each variable specifying whether or not a response was observed for each individual. These nonresponse indicators were added to the list of covariates used to create the propensity scores. This resulted in 46 covariates being used to create the propensity score. Second, we imputed missing values from observed values on other variables using maximum likelihood estimation with the estimation maximization algorithm.This two-step process both models any relationship of variable missingness to receiving the treatment condition by including nonresponse indicators in the propensity score and provides estimation of a complete dataset to use in creating the propensity score. 
Creating propensity scores
The covariates listed in Appendix A, along with the missing covariate response indicators, were entered in a logistic regression to predict whether individuals did or did not seek coaching.
2 Each individual's predicted probability of receiving coaching was retained as the propensity score. Next, we used an SPSS macro developed by Painter (2004) to create matched pairs of control participants and treatment participants. That is, control participants were selected for comparison with treatment participants based on the correspondence of their propensity scores. We used the basic (nearest-neighbor) matching 3 procedure to ensure that control individuals selected were the closest possible match to the treatment individuals (D'Agostino, 1998) . However, all matches may not be close. A matching procedure may exhaust all possible control individuals with high propensity scores, forcing treatment individuals with high propensity scores to be matched with control individuals without particularly high propensity scores (though they are the closest match remaining). An adequate approach to dealing with these potentially poor matches is to only include treatment-control pairs with closely matching propensity scores (so-called caliper matching). In line with propensity scoring conventions, we applied a 0.20 caliper to matching on the propensity score (i.e., only treatment-control pairs with absolute difference in propensity scores less than 0.20 were matched) because such a caliper has been shown to produce more accurate treatment effects (Austin, 2009 Table 1 shows the 10 covariates with the greatest raw coached-uncoached differences for the SJT and compares these raw differences with differences in the matched sample, as well as differences in the groups' average propensity score. Table 1 shows a raw propensity score difference between coached and uncoached individuals of d = 1.50. The average propensity score of the coached group is substantially larger than the average propensity score of the uncoached group. This finding shows that the propensity score effectively discriminates between those who receive coaching for the interpersonal SJT and those who do not. The matching procedure reduced coached-uncoached differences on the propensity score from d = 1.50 to d = 0.40. Note that 0.20 caliper matching further reduced the difference to d = -0.03. Table 2 presents pre-and posttest means and SDs for the full sample, the basic propensity-matched sample, and the 0.20 caliper propensity-matched sample. On the basis of this information, we computed six separate SJT coaching effect estimates. The first three are based on posttest information only. The first is a simple comparison of posttest scores for the coached and uncoached groups; the second compares these groups in the basic propensity-matched sample; and the third compares these groups in the 0.20 caliper sample. These first three are presented to illustrate the consequences of attempting to estimate SJT coaching effects in the absence of pretest information (posttest only analyses). In many field settings (such as this study), researchers have access to precoaching scores on the dependent variable. Such designs have the advantage that they allow researchers to control for preexisting differences between coached and uncoached groups. Hence, the second three estimates parallel the first three (i.e., comparing full sample, basic match, and 0.20 caliper matched samples), but also incorporate pretest information. Table 2 shows (a) relatively similar SJT coaching effect estimates for raw, matched, and 0.20 caliper matched samples within the posttest only (i.e., d ranges from 0.28 to 0.30) and within the pre-post estimates (i.e., d ranges from 0.50 to 0.59), and (b) substantial differences between estimates obtained for using a posttest only strategy versus a pre-post strategy.These findings are driven by two mechanisms.The first is that the coached and uncoached groups differ substantially in terms of their pretest scores. People who seek out SJT coaching after the first administration score lower than people who do not pursue coaching after the first administration. This implies that dramatically different SJT coaching estimates are obtained if one does not incorporate pretest scores in the analyses.
Results
The second is that while the SJT coached and uncoached groups differed on a set of variables other than the pretest (i.e., the variables making up the propensity score), matching on these other variables does not substitute for also controlling for pretest differences. Although the size of coaching effects associated with SJTs nearly doubles when a pretest score is available (from 0.30 to 0.59), it changes only marginally when propensity scoring is applied (e.g., from 0.30 to 0.28 or from 0.59 to 0.50). Thus, if one did not have pretest information, one might posit that the large number of variables for computing a propensity score might be an effective substitute. In the present setting, that premise proves incorrect: Controlling for propensity differences is not an effective substitute for controlling for pretest Notes: Only the 10 covariates with the greatest raw coached-uncoached differences for the SJT are listed in this table. GMA = general mental ability; SJT = situational judgment test. Table 2 . Treatment effect estimates associated with SJT from matching approaches to using propensity scores Posttest (August) Pretest ( The 'coaching' and 'no coaching' columns on the pretest relate to pretest (July) scores of participants who pursued or did not pursue coaching prior to the August exam. None of them had sought coaching prior to the July exam. SJT = situational judgment test.
differences. Generally, we suggest that approaches that incorporate both a pretest and a propensity score reflecting a large number of other possible covariates produce the most credible estimate of coaching effects. The two approaches that incorporate both features (i.e., basic matching and 0.2 caliper matching) produce similar estimates (0.50 and 0.53), and thus we estimate coaching effects for the SJT as roughly 0.5 SDs.
Discussion
Main contributions
This study has two main contributions. One set of contributions relates to the SJT literature. In particular, this is the first study with an estimate of the effects of coaching on interpersonal SJTs in high-stakes contexts. We estimate coaching effects at about 0.5 SDs when alternate forms of the interpersonal SJT (i.e., for the pre-and posttest) are used. We interpret this as a large effect as all 'uncoached' candidates had engaged in one or more self-preparatory activities. So, the 0.5 SD difference represents essentially the incremental effect of a formal coaching program teaching to candidates' test-related content and test-taking strategies over and above self-preparation. As a comparison, the metaanalysis of Hausknecht et al. (2007) found an average coaching effect of 0.06 for alternate-form cognitive ability tests, although it should be mentioned that the respective estimates are difficult to compare (e.g., most studies in the meta-analysis were lab studies). This coaching effect also nearly doubles the .32 retest effect obtained with this SJT in field settings (Lievens, Buyse, & Sackett, 2005b) .
We believe that these results are relevant not only in high-stakes educational testing but also in high-stakes stakes employment testing in the public sector (e.g., large-scale governmental, military, and police selection) where interpersonal SJTs are often used as screening devices. In fact, our results raise questions about the inclusion of interpersonal SJTs in high-stakes testing settings such as selection for higher education or for public sector jobs where coaching is likely to occur. When items become gradually known and candidates are coached, SJT performance can be improved. Future research is needed to ascertain whether the improvement in SJT scores is genuine or artificial.
A second set of contributions speaks to the broader coaching literature. Our study shows the necessity of addressing the self-selection problem in coaching research in operational settings. Our results exemplify that the coached-uncoached groups are not equivalent. Generally, coached and uncoached groups might not be equivalent because they differ (a) on their standing on the construct measured by the test and/or (b) on features (other than the construct) relative to score improvement. Our results are in line with these expectations. Individuals who had lower pretest scores were more likely to seek SJT coaching afterwards. In addition, propensity scores of coached and uncoached individuals differed. As pursuing coaching is not a random act, it is important to use analytical approaches that control for pretest scores as well as for differences on other variables (i.e., propensity). So far, current analytical approaches have not conclusively dealt with self-selection as a major obstacle to obtain accurate estimates of coaching effects in field settings. This might have affected the coaching effects obtained, as shown by the difference in estimates obtained when analytical approaches that control for pretest and propensity scores are and are not employed.
Moreover, this study has implications regarding the analytical approaches that one might use for estimating coaching effects. Upfront, it should be mentioned that in any quasi-experiment where individuals self-select into treatment conditions, the assignment mechanism is per definition unknown. So, analytical approaches used for estimating coaching effects should always be regarded as mere attempts to deal with the unmeasured variables and self-selection problem. Some approaches focus on the pretest, whereas others aim to match samples on as large as possible set of potentially relevant covariates. Our results show that in this particular setting, adjusting for the pretest scores is most crucial, whereas the use of propensity scoring has little additional effect. However, in other settings, the opposite results might be found. Therefore, it is important to state that no general conclusions about the relative superiority of the use of pretest score over propensity scores and vice versa can be drawn.That said, we recommend that practitioners use a variety of analytical approaches. Specifically, controlling for pretest scores as well as for other variables (e.g., access to coaching, motivation for coaching, educational background, engagement in selfpreparatory activities) might bring them as close as they can get to estimate coaching effects. That is, when one controls only for a pretest, one has no assurance that the two groups are otherwise comparable. So using many covariates in a propensity model helps to understand whether differences on other variables matter or not.
Limitations
Some limitations of this study should be acknowledged. One set of caveats relates to propensity score matching. This approach typically requires exclusion of a number of participants, making it most effective when researchers have a large pool of controls to select from. Another potential drawback is that the veracity of matching on propensity scores depends largely on including all covariates that predict treatment assignment and either predict the treatment outcome or moderate the treatment effect. If such key covariates are omitted, this will result in biased treatment effects. Note, however, that these potential limitations associated with using propensity scores are not unique to propensity scoring but are also present when using the covariates directly in an ANCOVA approach. In this study, we did our utmost best to include all important covariates in our propensity score. Although individual difference variables (e.g., conscientiousness) were not included, it should be noted that our propensity scores comprised of the behavioral manifestations of these underlying traits in the form of the decision to engage in self-preparatory activities.
Another set of potential limitations pertains to the generalizability of our results. This study was situated in Belgium in a high-stakes educational context. The highstakes testing program had been running for 10 years. So, there was a flourishing coaching business at the time of the study. This study also focused on individuals who were retesting after initial failure. This was a necessary feature of our study, as we needed a pretest for each person. It is possible, though, that initial failure creates a higher level of motivation to take coaching seriously than would be present for individuals receiving coaching prior to a first attempt at taking the test. Note, too, that all of our results apply to a written interpersonally oriented SJT with a knowledge-based response format and a rational scoring key. So, future studies are needed to replicate our results in other settings, with other samples, and with other SJT types.
Implications for future research
We envision the following avenues for future research. One future research direction is that we need field and lab studies that compare the amenability of various noncognitive tests to coaching. The comparison between coaching effects of SJTs versus biodata is of particular interest as these instruments have been proposed as possible supplements to cognitive tests in high-stakes selection (Schmitt et al., 2009) . A related area for future research consists of identifying possible SJT characteristics that may make SJTs less resilient to coaching. For instance, it is possible that the use of some scoring formats might make SJTs less prone to coaching efforts (McDaniel, Psotka, Legree, Yost, & Weekley, 2011) . Similarly, SJTs with a more heterogeneous content (i.e., SJTs that capture a variety of domains, Christian et al., 2010) might also be less susceptible to coaching than more homogeneous SJTs because the former enhance the range and specificity of strategies that must be learned and memorized by trainees, and make it necessary for the trainees to tailor these strategies to a variety of different content domains. Such research on approaches for decreasing the coachability of SJTs has the practical benefit of resulting in a series of actionable steps that private or public sector organizations can take when developing SJTs for high-stakes testing. Second, future studies should examine whether coaching on noncognitive tests produces genuine or artificial effects, thereby linking coaching effects to training and job outcomes. This enables to determine whether coaching produces (genuine vs. artificial) improvement in SJT scores. Moreover, the content of SJT coaching programs can be scrutinized (skill development vs. test strategy) and its differential effects ascertained. Third, potential subgroup differences in coaching effects should be scrutinized as such evidence might reduce the access of specific subgroups to educational and employment opportunities. Recently, subgroup differences (in favor of Whites, women, and candidates younger than 40) have been found in the context of retesting effects (Schleicher, Van Iddekinge, Morgeson, & Campion, 2010) . We need to find out whether similar subgroup differences occur for coaching effects.
Notes
1. Treatment assignment and posttreatment scores were not used in imputing missing covariate data. 2. Results of these logistic regressions provide the opportunity to examine the quality of the subsequent matching process by checking the Cox and Snell R 2 coefficient. A Cox and Snell R 2 coefficient of 0 means that there is no need to use propensity scores, as this indicates that the variables examined prove not to differ between the treated and nontreated groups. Conversely, a coefficient of 1 is indicative of a complete confound, precluding the use of propensity scores, as it is not possible to identify individuals with equal propensity for self-selection into the treated group, such that individuals who did receive the treatment could be matched with equally propensed individuals who did not receive the treatment. The logistic regression produced a Cox and Snell R 2 of 0.2, suggesting the coached and uncoached groups differed substantially on the covariates included in the regression. 3. Propensity scores have been used in matching or stratification approaches (D'Agostino, 1998). In matching approaches (e.g., nearest-neighbor matching), a subset of control participants is selected for comparison with treatment participants based on the correspondence of control subjects' propensity scores. In stratification approaches, treatment-control comparisons are made within multiple groups of approximately equivalent propensity scores. We used the nearest-neighbor matching approach as stratification approaches result in somewhat more distant matches between treatment and control subjects (Austin, 2009 ). 4. We also evaluated matching with calipers that were narrower than 0.20 (e.g., 0.10). In our sample, the reduction in bias for the covariates with tighter covariates was minimal, however, and treatment effects estimated with these tighter calipers closely corresponded to those with the 0.20 caliper. Thus, to save space, we report and describe only those results observed with the 0.20 caliper.
